Conversion During Laparoscopic Aortobifemoral Bypass: A Failure?  by Fourneau, I. et al.
Eur J Vasc Endovasc Surg (2010) 39, 239e245Conversion During Laparoscopic Aortobifemoral
Bypass: A Failure?I. Fourneau a,*, I. Marie¨n a, Ph. Remy b, C. D’hont b, T. Sabbe a, K. Daenens a,
S. Houthoofd a, A. Nevelsteen aa Department of Vascular Surgery, University Hospital Leuven, Leuven, Belgium
b Department of Vascular Surgery, Hoˆpital St. Joseph, Charleroi, Belgium
Submitted 20 May 2009; accepted 28 September 2009
Available online 4 November 2009KEYWORDS
Conversion;
Learning curve;
Aorto-iliac occlusive
disease;
Aortic laparoscopy;
Mortality;
Morbidity* Corresponding author. Departm
University Hospital Leuven, Heres
Belgium. Tel.: þ32 16 34 68 50; fax: þ
E-mail address: inge.fourneau@uz
1078-5884/$36 ª 2009 Published by E
doi:10.1016/j.ejvs.2009.09.021Abstract Objectives: To study the impact of conversion on postoperative recovery,
morbidity and mortality in laparoscopic aortobifemoral bypass surgery for aorto-iliac occlusive
disease (AIOD).
Design: Retrospective analysis of a prospectively maintained database.
Methods: Between November 2002 and December 2006, 139 patients were treated for severe
AIOD with a laparoscopic aortobifemoral bypass at one community and one university hospital.
Demographic data, operative data, postoperative recovery data, morbidity and mortality were
recorded and analysed according to a conversion and a non-conversion group.
Results: Conversion was needed in 13.7% of the patients. Morbidity was 16.5%e14.2% in the
non-conversion group and 31.8% in the conversion group. Systemic morbidity was significantly
higher in the conversion group (31.6% vs.10%; pZ 0.002), but only one patient had incomplete
recovery; local morbidity was comparable in both groups (10.5% vs. 5.8%; pZ 0.337). Mortality
rate was 2.2%.
Conclusion: Laparoscopic aortobifemoral bypass surgery is a safe procedure for the treatment
of AIOD. The outcome of patients after conversion is not affected in the way that it could be an
impediment to start a laparoscopic procedure. Conversion in time is a safe way to overcome
the learning curve.
ª 2009 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.Since Oudot performed the first open aortobifemoral
bypass for aorto-iliac occlusive disease (AIOD) in 1951 it hasent of Vascular Surgery,
traat 49, B-3000 Leuven,
32 16 34 68 52.
leuven.be (I. Fourneau).
lsevier Ltd on behalf of Europeanbeen the procedure of choice.1 It is known that open
surgery is associated with a high level of morbidity and
mortality, especially in these patients who have a higher
risk of cardiopulmonary complications.2 For limited AIOD
(Trans-Atlantic Inter-Society consensus (TASC) AeB),
endovascular therapy is an efficient and less invasive
alternative.3 However, for patients with multifocal AIOD
(TASC CeD), endovascular surgery might not be the therapySociety for Vascular Surgery.
240 I. Fourneau et al.of choice.3 Therefore, in 1993, Dion introduced a minimal
invasive laparoscopic approach to perform aortofemoral
bypass as an alternative to open surgery.4
The beneficial effect of laparoscopic surgery on post-
operative discomfort and pain is well documented in the
numerous studies that have been carried out on laparoscopic
gastrointestinal surgery. However, the procedure itself has
a long learning curve, estimated to be in the range of 25e30
patients.5 During this learning period, there is a higher
incidence of conversion to laparotomy. Conversion could be
associated with a higher morbidity or mortality compared
witha conventional openprocedure,with surgeons fearing to
expose patients to these risks.
The aim of our study was to examine the impact of
conversion during laparoscopic aortobifemoral bypass for
AIOD on postoperative recovery, morbidity and mortality.Patients and Methods
Between November 2002 and December 2006, 1355 patients
were treated for AIOD in one community and one university
hospital by either an endovascular, open or hybrid, inter-
vention. A total of 139 of them were treated with a lapa-
roscopic aortobifemoral bypass. As many as 85 patients
were treated at the Hoˆpital St. Joseph Charleroi, and 54
patients were treated at the University Hospital Gasthuis-
berg Leuven.
We retrospectively reviewed our prospectively main-
tained databases of laparoscopic aortobifemoral bypass.
These databases include all consecutive patients treated
with this technique.
The indication for treatment was severe AIOD (TASC C or
D; Rutherford class 2e5) in all patients. Patient demo-
graphics (e.g., gender, age, bodymass index (BMI), American
Society of Anesthesiologists (ASA) class, Rutherford class,
TASC classification and cardiovascular risk factors) areTable 1 Patient demographics.
Non conversion
nZ 120
Gender (M:F) 92:28
Age (years, mean) (range) 57.0 (34e77)
BMI (kg/m2, mean) (range) 27.3 (17e38.1)
ASA classa (II:III:IV) (n) 29:44:47
Rutherford (2:3:4:5) (n) 1:35:3:4
TASC classificationb (C:D) (n) 13:107
Cardiovascular risk factors
Hypertension (%) 64.2
Diabetes (%) 29.1
Hypercholesterolemia (%) 53.6
Tobacco use (%) 80.0
ASHDc (%) 34.7
Previous abdominal surgery (%) 25.0
a American society of anaesthesiologists class.
b TransAtlantic Inter-Society Consensus classification.
c Artheriosclerotic heart disease.
d Based on Leuven data only.summarised in Table 1. For Charleroi, only means and ranges
of age and BMI were available.
In all but six patients, a preoperative contrast-enhanced
computed tomography (CT) scan was performed to evaluate
theamountofcalcifications and thrombusat theclampingand
anastomotic site. Patients were proposed the laparoscopic
procedure if a safe infrarenal clamping seemed possible.
All interventions were performed using a trans-perito-
neal retrocolic or retrorenal approach as described by
Coggia.6,7 If conversion was needed, the patient was either
left on the right side, performing a laparotomy by con-
necting trocar holes 1 and 6 or either replaced in dorsal
decubitus, performing a midline laparotomy by connecting
trocar holes 3 and 4; the procedure was finished using the
conventional open surgical technique (Figure 1).
Operative variables such as operative time, aortic
clamping time and estimated amount of blood loss were
recorded. Aortic clamping time refers to the time needed
to perform the proximal anastomosis. In case of an end-
to-end anastomosis, this also includes the suturing of the
aortic stump. Based upon the need to convert the laparo-
scopic procedure to an open operation, the patients were
divided into two groups: the non-conversion group and the
conversion group. The motive for conversion was recorded
and defined in three categories: dissection-related prob-
lems, aortic-related problems and bleeding problems. It
was also recorded whether the conversion was performed
electively (technical difficulty) or emergently (intra-oper-
ative complication that cannot be treated laparoscopi-
cally). Elective conversion also includes conversion to avoid
excessive aortic clamping times.
Postoperative recovery data, such as time to return to
fluid diet, time to return to solid diet, time to restart
ambulation, time to discharge and time to reach the
preoperative level of activity as reported by the patient at
the outpatient clinic, were recorded. For Charleroi as well,
these data were only available as means and ranges.Conversion p-Value
nZ 19
12:7 0.094
57.3 (40e74) 0.805d
27.4 (18.5e32.1) 0.010d
12:7:0 0.351
0:15:3:0 0.699
3:16 0.403
78.9 0.426
10.5 0.974
57.9 0.640
73.7 0.096
21.1 0.298
42.1 0.263
Figure 1 Types of conversion.
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analysed. Systemic morbidity was defined as non-fatal
damage or disease with a health impact that is related to
the procedure and involves any organ or tissue other than
the peripheral arterial system or the surgical wound. Local
morbidity was defined as non-fatal procedure-related
damage or disease that involves the peripheral vascular
system or the surgical wound. In the long-term follow-up,
special attention was given to the development of inci-
sional hernia.
Statistical Methods
To compare demographic data, operative data, post-
operative recovery data, morbidity and mortality between
the non-converted group and the converted group, we used
the ANOVA analysis (univariate analysis of variance). To find
a correlation between demographic data and conversion we
used the chi-square analysis. Significance was defined at
p< 0.05.
Results
Conversion was needed in 19 patients (13.7%). The reason
for conversion was a dissection-related problem with lack
of exposure in six patients, an aortic-related problem in
five patients (extensive calcifications in three patients,
aortic inflammation in one and a low polar renal artery in
one). In eight patients the reason for conversion was
bleeding (anastomotic in three, distal aortic stump in one,
lumbar artery in two, spleen in one and renal vein in one).
Fourteen out of 19 conversions (73.7%) were performed
electively. The reasons for conversion over time for both
centres are summarised in Figure 2.
There were no statistically significant differences in
demographic data between the converted and the non-
converted group, except for the BMI. The BMI was signifi-
cantly higher in the conversion group (pZ 0.010). Analysis
for this item was based on Leuven data only.
For the overall group the mean operative time was
4:10 h (range 2:00e8:10 h), the mean aortic clamping time
was 0:59 h (range 0:15e2:53 h) and the mean amount of
blood loss was 514 ml (range 50e2500 ml). Table 2 shows
the comparison between groups of all these data.
Statistical analysis demonstrated a significantly lower
amount of blood loss in the non-conversion group
(p< 0.001). Regarding the operative time (pZ 0.104) andthe aortic clamping time (pZ 0.749), there was no signifi-
cant difference between the two groups.
The mean time to resume fluid and solid diet for the
overall group was 16.8 h (range 4e384 h) and 29.6 h (range
19e600 h), respectively. The mean time to ambulation was
35.1 h (range 16e432 h). The mean in-hospital stay was 5.8
days (range 3e43 days). The mean time to resume full
activity was 6.2 weeks (range 1e28 weeks). Table 3
summarises the comparison between groups of these data.
Statistical analysis of the recovery data showed a faster
return to fluid diet (pZ 0.010) and restarting mobility
(p< 0 001) in the non-conversion group. The time of
in-hospital stay was also significantly lower in the non-
conversion group (p< 0.001). As for the time to return to
a solid diet and the time to resume full activity, there was
no significant difference between the two groups
(pZ 0.426 and pZ 0.167, respectively).
Three patients died in hospital or during the 30-day
postoperative period (2.2%). All deaths occurred in the non-
conversion group. One patient each died of ischaemic
stroke, myocardial infarction and coagulopathy due to
hypothermia.
In the overall group, 23 patients (16.5%) experienced
postoperative morbidity: six patients (31.8%) in the conver-
sion group and 17 (14.2%) in the non-conversion group.
Table 4 gives a synthetic overview of these morbidity data
further differentiated into local and systemic morbidity.
Systemicmorbidity was significantly higher in the conversion
group (p< 0.002), and all but one patient experienced
complete recovery without residual disability. The local
morbidity was comparable in both groups (pZ 0.337).
In the conversion group, the local morbidity rate was
10.5% and the systemic morbidity rate was 31.6%.
One patient developed acute ischaemia of the left leg
resulting in above-knee amputation after failed thrombo-
embolectomy of the deep femoral artery and fasciotomy.
This patient also developed transient dialysis-dependent
renal insufficiency. One patient developed acute ischaemia
of the left foot necessitating thrombectomy of the poste-
rior tibial artery, with complete recovery thereafter. This
patient also developed pneumonia. Three other patients
developed pneumonia, one of them developing secondary
lung oedema and cardiac failure for which prolonged stay in
the coronary care unit was needed. One patient needed
splenectomy for bleeding.
In the non-conversion group, the local morbidity rate
was 6.6%, the systemic morbidity rate 10%. Two patients
developed compartment syndrome for which a fasciotomy
Figure 2 Reasons for conversion over time in (a) Leuven and (b) Charleroi.
242 I. Fourneau et al.was needed with complete recovery thereafter. One of
them also developed a urinary tract infection treated with
antibiotics. One patient needed a local wound revision for
persistent subcutaneous bleeding at a trocar hole. Three
patients developed wound problems at the groin (two
wound dehiscences and one haematoma) treated by
conservative means. One patient developed acute
ischaemia of the right foot and haemodynamic instability,
necessitating an explorative laparotomy, thrombectomy of
the below-knee vessels and fasciotomy with complete
recovery thereafter. One patient became haemodynami-
cally unstable for which an explorative laparotomy was
performed with drainage of a haematoma without persis-
tent active bleeding. Two patients needed a prolonged
hospitalisation in the coronary care unit, one for cardiac
failure and the other for ventricular arrhythmia. One of
them also developed pneumonia. One patient developed
transient renal insufficiency without the need for dialysis.Table 2 Operative data.
Overall
nZ 139
operative time (hrs:min, mean (range)) 4:10 (2:00e8:1
Aortic clamping time (hrs:min, mean (range)) 0:59 (0:15e2:5
Amount of blood loss (mL, mean (range)) 514.1 (50e250Two patients developed coagulopathy, one probably due to
major blood loss associated with hypothermia resulting in
major coagulation problems with renal insufficiency leading
to a prolonged stay on the intensive care unit; one had
disseminated intravascular coagulation, probably due to
thrombosis of the left limb 12 h after surgery. One patient
had a cerebrovascular accident. One patient developed
ischaemic colitis treated by conservative means. Two
patients developed delirium tremens with complete
recovery at discharge.
For the overall group, the mean follow-up time was 3.4
years (range: 0.2e6 years).
In the non-conversion group the mean follow-up was
3 years (range: 0.2e6 years). In this period one patient
(0.8%) developed an incisional hernia at the trocar hole in
the left fossa after 2.5 years. This was asymptomatic and
treated conservatively. Five patients needed a re-inter-
vention due to an obstructive problem concerning theNon conversion Conversion p e value
nZ 120 nZ 19
0) 4:04 (2:00e8:00) 4:40 (2:30e8:10) 0.104
3) 0:59 (0:30e2:00) 1:01 (0:15e2:53) 0.749
0) 456.6 (50e2500) 877 (200e2500) <0.001
Table 3 Postoperative recovery data.
Overall Non conversion Conversion p e value
nZ 139 nZ 120 nZ 19
Time to return to fluid diet
(hrs, mean (range))
17 (4e384) 14 (4e384) 32 (17e96) 0.010a
Time to return to solid diet
(hrs, mean (range))
30 (19e600) 25 (19e600) 56 (22e96) 0.426
Time to ambulation (hrs, mean (range)) 35 (16e432) 33 (16e432) 48 (22e71) <0.001a
Hospital stay
(days, mean (range))
5.8 (3e43) 4.9 (3e30) 12.1 (4e43) 0.001
Time to restart full activity
(weeks, mean (range))
6.2 (1e28) 5.6 (1e28) 10.1 (3e28) 0.167a
a Based on Leuven data only.
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stenosis of the distal anastomoses needing endarterectomy
and reconstruction; one patient developed thrombosis of
the left graft limb necessitating thrombectomy and
construction of an iliofemoral bypass; one patient devel-
oped a stenosis of the left distal anastomosis and a throm-
bosis of the femoral bifurcation leading to reconstruction;
and one patient developed stenosis of the right distal
anastomosis leading to reconstruction.
In the conversion group mean follow-up was 3.7 years
(range: 1e5.2 years). Five patients (26.3%) developed inci-
sional hernia after 2 months (nZ 2), 1 year (nZ 2) and 2
years (nZ 1), respectively. One of them was treated with
surgery. No re-intervention due to obstructive problems
concerning the aortobifemoral bypass were registered. The
incidence of incisional hernia for the overall group was 4.3%.Discussion
In a previous study, we concluded that totally laparoscopic
aortobifemoral bypass for AIOD can be performed safelyTable 4 Overview of morbidity data.
Post-operative morbidity:
Conversion (nZ 6) (31.8%) Non-co
Local Systemic Local
nZ 2 (10.5%) nZ 6 (31.6%) nZ 8 (
Acute ischaemia (1)b Renal insufficiency (1)b Compa
Acute ischaemia (1)a Pneumonia (4)b Acute i
Cardiac failure (1)b Trocard
Splenectomy (1)b Groin w
problem
a incomplete recovery.
b complete recovery.provided that patient selection is adjusted to experience
and conversion is performed liberally.5 Cau et al. came to
the same conclusion in a systematic review of clinical series
published between 1998 and 2008.8 In none of these series
was the specific effect of conversion on morbidity and
recovery analysed.
In laparoscopic literature, ‘conversion’ refers to the
point at which the surgeon realises that continuation of the
operation as a laparoscopic procedure is no longer appro-
priate. Conversion is therefore not a complication of lapa-
roscopy but a limit to the feasibility of the technique.9
However, in the perception of the broad vascular world,
conversion is a failure exposing the patient to unacceptable
mortality and morbidity. This presumed risk is one of the
reasons why acceptance of this technique is still open to
criticism 15 years after Dion performed the first laparos-
copy-assisted aortobifemoral bypass.4
With a conversion rate of 13.7% in this multicentre
series, in over 86% of patients, the intervention could by
finished without conversion.
It is also noteworthy that, in according with our previous
findings5 and findings in laparoscopic abdominal surgery,nversion (nZ 17) (14.2 %)
Systemic
6.6%) nZ 12 (10%)
rtment syndrome (2)b Urinary tract infection (1)b
schaemia (1)b Laparatomy for bleeding (1)b
hole bleeding (1)b Laparotomy for haematoma (1)b
ound healing
s (3)b
Cardiac failure (1)b
Ventricular arithmia (1)b
Pneumonia (1)b
Renal insufficiency (1)b
Coagulopathy (2)b
CVA (1) ?
Ischaemic colitis (1)b
Delirium tremens (2)b
Table 5 Postoperative recovery data compared to open surgery.
Open (11) Conversion p e value* Overall p e value**
nZ 18 nZ 19 nZ 139
Time to return to fluid diet
(hrs, mean (range))
60 (24e125) 32 (17e96)a <0.001 17 (4e384) <0.001a
Time to return to solid diet
(hrs, mean (range))
81 (48e149) 56 (22e96) 0.014 30 (19e600) 0.006
Time to ambulation (hrs, mean
(range))
76 (45e96) 48 (22e71)a <0.001 35 (16e432) 0.001a
Hospital stay
(days (range))
9.3 (5e31) 12.1 (4e43) 0.454 5.8 (3e43) 0.304
Time to restart full activity
(weeks (range))
9.2 (5e16) 10.1 (3e28)a 0.122 6.2 (1e28) 0.980a
*p-value: between the open and the conversion group.
**p-value: between the open and the overall group.
a Based on data of Leuven only.
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time. Almost half of the conversions (42%) were performed
in the first 30 patients of each centre. Another interesting
observation in this context is that the conversion rate
decreased despite the selection of more technical difficult
cases with growing experience.
The higher incidence of conversions in Leuven is
completely explained by the high conversion rate in the
first 30 patients. The Leuven team was younger, less
experienced in laparoscopic surgery and therefore more
afraid of complications.
Further, a clear evolution in the reason for conversion is
seen. In the early experience more conversions were due to
technique-related reasons (lack of exposure), as in the
later experience more conversions were due to aortic-
related reasons (aortic calcifications and anastomotic
bleeding due to poor quality of the aortic wall). This can be
explained by the observation that, over time, patients with
more severely diseased aorta were selected and the
unwritten rule was to convert in time to avoid long aortic
clamping times.
Most of the conversions (73.4%) were performed elec-
tively. This practice is supported by several data reported
in abdominal surgery literature. Elective conversion is
associated with a better outcome than emergent conver-
sion. 8,9,10 Whether this is also the case in our series can
not be concluded with certainty as the number of conver-
sions is rather low.Table 6 Operative data compared to open surgery.
Open (11) Conversion
nZ 18 nZ 19
operative time (hrs:min,
mean (range))
196 (90e310) 4:40 (2:30e8
Aortic clamping time
(hrs:min, mean
(range))
31 (17e56) 1:01 (0:15e2
Amount of blood loss
(mL, mean (range))
642 (200e1300) 877 (200e25
*p-value: between the open and the conversion group.
**p-value2: between the open and the overall group.No statistically significant difference in operative time
and aortic clamping time was seen between the conversion
and the non-conversion group. Only the amount of blood
loss was significantly higher in the conversion group. When
we compare these results with previously published data on
conventional open surgery for aortobifemoral bypass
grafting12 (Table 5) the total amount of blood loss in the
conversion group is not significantly higher than in the
conventional open group (pZ 0.121).
However, the impact of conversion on recovery should not
be underestimated. In our study, fluid diet and ambulation
could restart significantly earlier in the non-conversion
group than in the conversion group. The in-hospital stay was
also significantly shorter in the non-conversion group.
However, no significant difference could be detected in the
restart of full activity. Comparing these data with the results
of conventional open surgery12 (Table 6), we find a signifi-
cant faster start of fluid diet, solid diet and start of ambu-
lation in the conversion group (p< 0.001, pZ 0.006,
pZ 0.001, respectively) and in the overall group (p< 0 001,
pZ 0.014, p< 0.001, respectively). Regarding the length of
in-hospital stay and time to restart full activity, there was no
significant difference between the conventional open
surgery and the conversion group (pZ 0.304 and pZ 0.980,
respectively), or between the open and the overall group
(pZ 0.454 and pZ 0.122, respectively). These data support
our hypothesis that recovery after conversion is not worse
than after open conventional surgery.p e value* Overall p e value**
nZ 139
:10) <0.001 4:10 (2:00e8:10) 0.001
:53) 0.003 0:59 (0:15e2:53) <0.001
00) 0.121 514.1 (50e2500) 0.291
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with all deaths belonging to the non-conversion group. One
of these patients died due to coagulation disorders
secondary to hypothermia. This occurred in a very thin
patient with a BMI of 17 although the intervention took only
200 min. Since the use of a heating mattress hypothermia
was not seen again.
Postoperative morbidity was subdivided into local
morbidity and systemic morbidity. No significant difference
between the two groups was seen regarding local
morbidity. It should be noted that six patients experienced
specific vascular morbidity (i.e., compartment syndrome
and acute ischaemia). Although unexplained and even
though our technique remained mainly unaltered, all cases
occurred during the treatment of the first 30 patients of
each centre. Therefore, the learning curve might have
contributed to this problem.
Systemic morbidity was significantly higher in the
conversion group than in the non-conversion group (31.6%
vs. 10%). However, for the overall group systemic morbidity
was 10.1%. A large meta-analysis by de Vries and Hunink on
conventional aortobifemoral bypass for AIOD reported
a pooled mortality of 3.3% (range: 0e7.7%) and a systemic
morbidity of 8.3% (range: 3.8e13%) in the more recent
series.2 Taking into account that most of the studies
included in the meta-analysis were retrospective, often
resulting in underestimation of the morbidity rates, overall
mortality and morbidity rates in our series are at least
comparable with these data. This means that in spite of the
higher systemic morbidity rate in the conversion group, the
data for overall group is not worse than for the conven-
tional open group and that it can be expected that systemic
morbidity drops with decreasing conversion rate over time.
It should also be mentioned that none of the systemic
morbidities was specific for the laparoscopic technique and
that in all, except one patient, morbidity was overcome
without residual discomfort.
What is also noteworthy is the overall incidence of
incisional hernia in this series that is definitely lower than
after conventional open surgery (4.3% vs. 20%).12 This is
a clear advantage of the laparoscopic procedure as the
discomfort caused by an incisional hernia should not be
underestimated.
Conclusion
Analysis of postoperative recovery data and morbidity and
mortality data in this multicentre study shows that lapa-
roscopic aortobifemoral bypass surgery is a safe procedurefor the treatment of AIOD even during the learning curve,
provided that conversion is performed liberally. The
outcome of patients after conversion is not affected in
a way that it could be an impediment to start a laparo-
scopic procedure. Conversion permits one to overcome the
learning curve safely and it permits the non-converted
patients to benefit from the faster postoperative course
after a totally laparoscopic procedure.
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